Abstract Aim-To determine by morphometry if pleural biopsies with the histopathological diagnosis of "non-specific pleuritis", malignant, and tuberculous disease could be distinguished morphologically from those with truly non-specific disease. Methods-Each pleural biopsy was reviewed taking into account three compartments of reference: the viscerallparietal mesothelial compartment, the submesothelial screen compartment, and the submesothelial adipose tissue compartment.
thelial screen compartment, and the submesothelial adipose tissue compartment. Normal connective tissue, granulation tissue, fibrocellular proliferation, fibrin, polymorphonuclear cells, mononuclear cells, and mesothelial cells were measured using conventional point counting procedures in terms of the fractional area occupied by each parameter within each compartment of reference. Ranking was carried out on 164 patients, based on their diagnosis: chronic non-specific disease (n = 57), tuberculosis (n = 27), malignant disease (n = 58), and conditions associated with transudative effusions (n = 22). Results-Stepwise discriminant analysis of the resulting data showed that biopsies from patients with tuberculosis, malignant disease, and chronic non-specific disease could be distinguished between themselves and normal cases. Statistical differences among the four groups were observed for eight morphometric parameters related to components of inflammation and extension throughout the three pleural anatomical compartments. A robust discriminant function permitted an adequate classification ofthe three groups of disease in 88.41% of the cases. Pleural biopsies with fibrin incorporated within granulation tissue on the submesothelial screen compartment showed 100% specificity for patients with tuberculosis, while mononuclear cells in a band-like infiltrate on the submesothelial adipose tissue compartment showed 93.1% specificity for patients with malignant disease. The truly non-specific pleuritis was characterised by deposits of fibrin in the subpleural compartment and discrete signs ofchronic inflammation and reparatory fibrosis on the submesothelial screen.
Conclusions-Morphometric analysis of pleural biopsies may be a useful supplementary histological procedure to support the diagnosis of pleural tuberculosis and malignant disease. The role of needle biopsy in the evaluation of unexplained pleural effusions is well defined.'`6
Histological demonstration of malignancy or granulomatous pleuritis is diagnostic, but the significance of a biopsy that reveals only non-specific chronic pleuritis remains unclear. In a non-specific or normal biopsy specimen there is a 77% chance that the disease is not present.7 However, tumour or tuberculosis may be diagnosed eventually in as many as 40% of those individuals with an initial biopsy showing chronic non-specific pleuritis.' Repeated pleural biopsies (closed or open) will increase the diagnostic yield in patients proven ultimately to have cancer or granulomatous pleuritis,'-5 7 but will also add to the expense and morbidity of those with chronic non-specific pleuritis. Clinical data may aid in the decision of which patients should be submitted for further diagnostic procedures. However, this approach will still leave some patients underdiagnosed.8
There are very few studies of detailed pathological analysis of non-specific histological findings in pleural biopsy specimens.9-" Most previous reports have provided few and subjective criteria for the histopathological interpretation of the pleura.
The purpose of this study was to determine whether morphometric analysis of pleural biopsies (in which a definite diagnosis cannot be reached based upon conventional histopathological aspects) could be useful in the diagnosis of pleural tuberculosis and malignant disease.
Methods

CLINICAL DATA
All consecutive patients submitted to a closed needle pleural biopsy from 1991 to 1994 at the pulmonary division of the Hospital das Clinicas of the University of Sao Paulo whose chest roentgenograms and medical records were available for review (n = 31 1) were included in this study. The anatomical layers of the pleura. pleural fragment yielded mycobacteria. In another nine patients a second biopsy disclosed granulomata and pointed towards the diagnosis. In six cases, both the second biopsy and culture of the first biopsy fragment were diagnostic. Three patients were diagnosed based upon sputum isolation of mycobacteria.
Patients were considered to be bearers of malignant disease (n = 58) when neoplasm was found with no other identifiable cause for an exudative effusion. Diagnosis was reached by a second pleural biopsy in nine cases, by cytological analysis of the pleural fluid in 11 cases, and by a second biopsy and cytological examination in eight cases. In the remaining 30 cases, thoracic malignant disease was found by means of other diagnostic procedures such as bronchoscopy, mediastinal or transthoracic biopsy, or the discovery of carcinoma at another site such as the breast. In these cases, malignant cells were not found in pleural tissue or fluid, rendering the effusions as paramalignant (associated with malignancy but with no pleural involvement).
After at least three months of follow up subsequent to the second biopsy, 57 patients with exudative pleural effusion showed no evidence of malignancy or tuberculous disease and had a clinical diagnosis (atypical pneumonia, parapneumonic effusions, hepatitis, and splenic infarct) compatible with chronic non-specific disease. This group was classified as chronic pleuritis. Although a follow up of three months is somewhat short, it is of significance when malignancy and/or tuberculosis are considered.
Patients with clinical conditions associated with transudative effusions (congestive heart failure, cirrhosis of the liver, and nephrotic syndrome) and whose follow up of at least three months showed no evidence of malignancy or tuberculous disease composed the fourth group (n = 22).
MORPHOLOGICAL STUDY
The same slides containing biopsy specimens in cubes or strips 2-3 mm long, analysed for the initial pathological report (paraffin embedded, haematoxylin and eosin stained) were reviewed blind until the final diagnosis.
Morphometry was performed on the different layers of the pleura. The anatomical layers of the pleura are shown diagrammatically in fig 1. Histologically, the parietal pleura is composed of two different layers: a complete layer of mesothelial cells and a thin screen of submesothelial connective tissue, with a well developed network of collagenic and elastic fibres, which contains lymphatic and blood vessels. This layer is in continuity with one composed of adipose and skeletal muscle tissues. The tissues in the pleural biopsies were divided into three compartments of reference: (1) the space between the parietal and visceral I pleura was designated as the visceral/parietal mesothelial compartment; (2) Morphometric studies were performed by a conventional point counting procedure," using a reticulated eyepiece (100 points and 50 lines). Counting was performed using a cascade progressive sampling approach. In each case, at a magnification of x l 00, five noncoincident microscopic fields were studied to quantify the relative fraction of the three pleural compartments by counting a total of 500 points that covered an area of 1 mm' per biopsy. The error of this procedure was estimated according to Gundersen" and was smaller than 5%. Next, the numbers of points overlying fibrin, granulation tissue, and fibrocellular proliferation were counted in five fields, at a magnification of x400, covering an area of 62 500 gim' in each pleural compartment, actually representing the fractional area occupied by each parameter within each compartment of reference. Finally, five fields, at a magnification of xlO00 (10 000 jm2 9 Despite additional the diversity of events that occur in tumour character-pleural relationships, the present study indito suggest cated that a band-like inflammatory reaction is accuracy. a common feature of cases with paraneoplastic involvement. Therefore, this lymphoproliferative response of the pleura to a distant tumour may point to the need for a thoracoscopy or other diagnostic procedure.
Pathologists would argue that chronic inflammation and its sequelae could interfere with the recognition of the border between the submesothelial screen compartment and the submesothelial adipose tissue compartment. In this study, we felt that chronic inflammation and its sequelae in the submesothelial adipose tissue compartment were characterised by a mononuclear infiltrate around the vessels and replacement of the screen by a thin layer of collagenous tissue (fibrocellular proliferation), which extended from the submesothelial connective tissue deep into the external elastic lamina (fig 1) . The submesothelial screen compartment could be stripped easily from the submesothelial adipose tissue compartment, presumably because the anatomical compartments of the pleura were not destroyed by the original inflammatory process and because the internal elastic was not affected."6 The density of the mononuclear infiltrate in a band-like pattern on the submesothelial adipose tissue compartment allows the recognition of the border between the submesothelial screen compartment and the submesothelial adipose tissue compartment.
In the third pattern of pleural involvement, apart from improving the morphological characterisation of chronic non-specific pleuritis or benign non-tuberculous pleuritis, the use of quantitative information led to the identification of patients who should continue to be under diagnostic investigation.
A normal pattern of pleural involvement was found in the fourth group of patients with clinical conditions associated with transudative effusions. However, 5.2% of patients with malignancies fell into this group. Therefore, the finding of a normal pleural pattern and a transudate does not exclude the diagnosis of malignancy.
We concluded that morphometric analysis of pleural biopsies could be useful as a supplementary histological procedure in the diagnosis of pleural tuberculosis and malignant disease. Because of its simplicity, efficiency, and low cost the use of morphometric tools in the routine diagnosis of pleural biopsies should be encouraged in the management of patients with pleural effusions. This work was supported by the following Brazilian funding agencies: FAPESP, CAPES, CNPq, and LIM-HCFMUSP. We are grateful to Eugenia Deheinzelin for her help in the preparation of this manuscript.
